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The  collagen  defect  induced  in  the  chick  embryo by  lathyrogenic  agents 
has  been explained  as  a  disruption  of  intermolecular  cross-links  within  the 
collagen fibril. The evidence, described by Levene and Gross (1, 2) was derived 
from  studies  on  the  extractible  collagen  and  tensile  properties  of  embryos 
treated  with fl-aminopropionitrile or semicarbazide. 
Increased  fragility  of  the  living  14  day  embryo,  paralleled  by  increased 
extractibility of collagen from bones,  skin  and  aorta,  was observed within  3 
hours  after  placing  the  agent  onto  the  chorio-allantoic  membrane.  Both 
processes progressed rapidly for 72 hours at which time more than  70 per cent 
of the skin collagen, 50 per cent of that from bone and 40 per cent from aorta 
could  be  extracted  in  cold  1  ~  saline.  That  previously insoluble  fibrils  laid 
down  prior  to  drug  administration  were  being  solubilized,  was  indicated  by 
balance studies on extract and residue. 
The extracted collagen could be reconstituted  in vitro to normal-appearing 
fibrils,  and  preliminary  physical  chemical  studies  further  suggested  that  in 
the gross the molecules were unaltered. 
Although  histologic  examination  of  the  lathyritic  skin,  bone,  and  aorta 
failed  to  reveal  significant  interpretable  changes  from  the  normal,  more  de- 
tailed examination of the fibrillar organization of at least one of these tissues 
with the electron microscope seemed in order. 
This paper reports an electron microscopic and  histologic study of skin of 
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normal  and  lathyritic  chick  embryos  conducted  with  the  aim  of  obtaining 
morphologic information on the  state  of lathyrific  collagen in the  tissue  and 
on the effect of extraction  with  cold saline. 
Methods 
Chick  embryos at  14 days of incubation  were each given  20 rag. /3-aminopropionitrile 
fumarate by injection onto the chorio-allantoic membrane  (2) and examined 3 days later at 
17 days of incubation. A piece of skin of the femoral region was removed, fixed for 15 minutes 
in cold isotonic 1 per cent osmic acid solution, pH 8.0, containing 2 per cent glycerine plus 
0.01 per cent CaCI~. Dehydration was accomplished in graded concentrations of cold ethanol. 
The specimens were kept for 1 hour in a 1 per cent solution of phosphotungstic acid in abso- 
lute alcohol, then embedded in methacrylate.  Several blocks from each tissue were prepared 
and numerous  sections of each block  studied.  A similar piece of whole skin was removed 
from each leg; those from one side were shaken for 24 hours at 4°C. in three volumes of molar 
sodium chloride, pH 7.4, then fixed and embedded as described above. The tissue from the 
other leg was prepared for electron microscopy without prior extraction.  As controls, pieces 
of skin of normal 17 day embryos before and after extraction were similarly examined. Skin 
samples from 14 day normal embryos before and after extraction were also included. 
Thin sections were cut on a Porter-Blum  microtome and examined in an RCA EMU 2D 
electron microscope. Measurement of diameter  was made  on transected  fibrils; when fibrils 
were cut somewhat obliquely, only the shortest diameters were used. All measurements were 
made  at about the same level within  the dermis. 
Portions  of the same unextracted  and extracted  skin samples were fixed in 4 per cent 
neutral  formalin, embedded in paraffin, and stained with hemotoxylin and eosin, Mallory's 
trichrome  connective tissue stain,  Van  Gieson's connective tissue  stain,  and Gomori-Biel- 
schowsky reticulin stain. 
RESULTS 
Physically the lathyritic skin appeared thinner and much more fragile than 
the normal. 
ttistology.--Histologic differences  between  skins  of  normal  and  lathyritic 
animals  prior  to  extraction  were  barely  perceptible.  The  dermis  appeared 
somewhat  thinner  and  the  fibrous  texture  somewhat looser  than  the  normal 
(Figs.  1  and  2).  The  dermal  fibers,  however,  were  clearly delineated and ap- 
peared normal with all the stains applied. 
After  extraction  there  appeared  little  change in  the  normal  control  tissue 
(Fig.  3)  but  in  the  lathyritic  skin  striking  changes  were  observed.  In many 
areas  the  dermal  fibers  were  entirely  absent  (Fig.  4);  in  other  regions  only 
vestiges  were  found.  In  still  other  regions  of  dermis  and  hypodermis  large 
lakes of amorphous collagen staining material  (Van Gieson and Mallory stain) 
appeared (Fig. 5). The epidermis seemed little changed. Ceils were still present. 
"Reticulin"  fibrils  were  diminished  in number but not completely abolished. 
Electron  Microscopy.--Thin  sections  of  normal  skin  before  extraction 
revealed  numerous  regions  of  parallel  bundles  of  typical  striated  collagen 
fibrils  alternating  with  other  bundles  running  perpendicular  (Fig.  6).  Fibrils 
were thinner near the epidermis and became larger with depth into the dermis; 
however, they were remarkably uniform in thickness in any one area and within A. VAN DEN HOOFF~ C. I. LEVENE, AND  J. GROSS  1019 
each bundle.  There  was no demonstrable difference  in fibril  size between 14 
and 17 day normal embryo skin in comparable areas (Text-fig.  1). 
Unextracted skin of the lathyritic  embryos, on the other hand,  showed a 
somwhat looser packing of fibril bundles and large dispersion of fibril diameters 
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TExT-Fzo.  1. Distribution  curves  of dermal  collagen fibril diameters  from normal  and 
lathyritic embryos before and after extraction with cold 1 ~ saline. Areas of overlap are repre- 
sented  by stippling  superimposed  on cross-bars. 
(Figs.  7 and 8  and Text-fig. 1). This broad distribution of widths  was evident 
within  the individual  fibril bundles.  Numerous fibrils were much thicker than 
any seen in the normal  tissues. 
The  collagen periodicity  could not  be  observed  clearly in enough  areas  to 1020  ~-AMINOPROPIONITRILE AND COLLAGEN CHANGES 
be able to ascertain whether or not aberrations in this structural feature were 
produced. Where it was dear, the appearance was normal. 
Mter extraction in cold 1 ~  NaC1,  the normal 14 and 17 day skin collagen 
showed  no  demonstrable  changes.  Fibril  diameters  remained  unchanged 
(Fig.  9  and Text-fig.  1).  However,  the  lathyritic tissue  after extraction re- 
vealed profound alterations. In some regions, as shown in Fig. 10, the fibrils 
were  almost  completely  gone.  This  was  most  characteristic  in  the  region 
immediately below the epidermis where, in the unextracted dermis, the thinnest 
fibrils were found. In all other areas examined there  were,  dispersed in  the 
dermis,  large  massess  of  filaments ranging  in  size  from  the  lower  limit  of 
detection to fibril diameters found in normal tissues (Fig.  11  and Text-fig.  1). 
None of the unusually thick fibrils characteristic of the lathyritic tissue re- 
mained after extraction. Many of the filaments were irregularly striated as 
shown more clearly in the insert of Fig. 11. 
In one complete experiment, shown in Text-fig.  1,  the  distribution  of  di- 
ameters in lathyritic skin after extraction was bimodal, one peak appearing in 
the region of normal fibril width (500 A) and the other in the 100  A region. 
In the other complete experiment, only one maximum was present at about 200 
A with few fibrils in the 500 A range and none above. Variability in the regional 
effectiveness of the extraction procedure may be responsible. 
The cellular characteristics will  not be described here. 
DISCUSSION 
It is of interest that histologic examination of the unextracted tissue revealed 
little difference between the normal and lathyrific skin. Electron microscopy 
demonstrated  a  definite  aberration  of  the  collagen fibrils  in  the  lathyritic 
skin, namely a large dispersion of fibril widths within individual bundles. One 
might speculate that this could come about if the molecules within the fibrils 
became loosened, then reaggregated in a more or less haphazard manner giving 
rise to odd sized fibrils. 
Our data are not readily compared with those of Follis and Tousimis  (3) 
who found very few collagen fibrils in fragmented cartilage of lathyritic rats. 
They concluded that new collagen was being synthesized but not organized 
in fibrillar form, remaining as dispersed tropocollagen in lathyrific rat cartilage. 
We found evidence for dispersion only after extraction in cold saline. It is our 
present belief that the collagen present in the lathyritic tissue is in fibrillar 
form, perhaps more loosely aggregated, but is susceptible to solution in cold 
saline (2).  The results of histologic and electron microscopic examination are 
in complete agreement with previous chemical studies. 
SUMMARY 
Electron microscope  analysis of thin sections of intact skin from 17 day 
chick embryos  injected with ~-aminopropionitrile 3 days earlier, revealed A, VAN DEN ]~001~, C. I. LEVENE,  AND  J. GROSS  1021 
markedly increased  dispersion  in fibril diameter both above  and below the 
narrow  distribution of normal fibril size.  Extraction  with  cold  1 M neutral 
saline caused a dissolution of the fibrils to fine filaments of varying diameters. 
Histologic examination of the connective tissue of lathyritic skin prior  to 
extraction revealed little difference from the normal. After extraction the col- 
lagen either disappeared almost entirely or was observed as a  homogeneous 
smear. 
These results of morphologic analysis are consistent with previous chemical 
studies,  supporting  the  thesis  that lathyrogenic agents induce disruption of 
intermolecular cross-llnking within normally insduble collagen fibrils, allowing 
them to dissolve in cold neutral salt solutions. 
The authors wish to thank Miss Jean Mclntosh for her technical  assistance  with the 
histology. 
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Photomicrographs of histological sections taken  through the full thickness  of  17 
day  normal  and  lathyritic  chick  embryo  skin.  Stained  with  Mallory's  trichrome 
connective tissue  stain.  ×  125. 
FIG.  1.  Skin of normal embryo. 
FIG. 2.  Skin of lathyritic embryo injected with fl-aminopropionitrile at 14 days of 
incubation. 
FIG. 3.  Skin of normal embryo after extraction with cold 1 M neutral salt solution. 
FIG. 4.  Skin of lathyritic embryo after extraction with cold 1 ~  neutral salt solu- 
tion. Note the near absence of fibrillar material as compared with the tissues before 
extraction. 
FIG. 5.  Same as Fig. 4 but showing another region of skin where there is diffuse 
pale staining for collagen and very little fibrillar material present. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  110  PLATE  97 
(van den Hooff et al. :/3-aminopropionitrile and collagen changes) PLATE 98 
Electron mierographs of thin sections of dermis of normal and ]athyritic  chick 
embryo before extraction. X  15,000. 
FlO. 6. Electron mierograph of dermis of normal 17 day chick embryo. Note the 
uniformity of diameter of fibrils. 
FIG. 7.  Comparable region of dermis of lalhyritic chick embryo showing separated 
bundles  of  collagen  fibrils.  Note  marked  variation  of  fibril  diameters  within  in- 
dividual bundles. 
FIG. 8.  Another region of lathyritic dermis indicating a  similar alteration in fibril 
diameters. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  110  PLATE  98 
(van den Hooff et al.:/3-aminopropionitrile  and collagen changes) PLATE 99 
Electron micrographs of  thin sections of dermis of normal and lathyritic 17  day 
chick embryos after extraction. X  15,000. 
FIG. 9.  Collagen fibrils of the skin of a normal embryo after extraction. Note the 
absence of change from the same tissue before  extraction shown in Fig. 6. 
FIG. 10.  Comparable dermal region of  lathyritic embryo after  extraction.  Note 
the near absence of fibrillar material; a few extremely thin fibrils are to be seen. 
FIG. 11.  Another region of extracted lathyritic embryo skin. Note the large num- 
bers of extremely small filaments and the relatively wide distribution of diameters. 
The insert reveals the irregular striation noted in some  of  the larger filaments at a 
magnification of 30,000  times. Oblique cross-sections  of a  few scattered normal size 
fibrils are  to  be seen.  Cytoplasmic remnants are also  visible. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 110  PLATE  99 
(van den Hooff et  al. : t3 aminopropionitrile and collagen changes) 